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Purpose/Objective: DCE-MRI and FLT PET have been 
reported to predict treatment response in several diagnoses 
and treatment regimes. In this pilot study we investigate 
correlations between model-based and non-model based 
parameters from DCE-MRI analysis and the maximum 
standardized uptake value (SUV(max)) in the tumor; and their 
correlations to survival. 
Materials and Methods: Eight patients undergoing first line 
treatment (conformal radiotherapy 2/60 Gy, concomitant 
with temozolimide) for high grade glioma were included in 
the study. PET and MRI imaging were done within one week 
of treatment start and at two weeks into treatment. All PET 
images were acquired using a GE Discovery 690 scanner and 
reconstructed using Sharp IR with 3 iterations and 24 subsets. 
All MRI images were acquired using a 1.5 T Siemens Espree 
with a 12-channel head coil. The DCE-MRI analysis was 
performed on in-house software using the Tofts model to 
calculate Ktrans, with an arterial input function generated 
with the Parker model. A non-model-based parameter, initial 
area under the gadolinium curve of the first 60 seconds of 
after bolus arrival (IAUGC60) was also calculated. Regions of 
interest (ROIs) were delineated on contrast-enhanced T1-
weighted images by an oncologist, and mean, min, max and 
standard deviation (SD) was calculated within each ROI for 
Ktrans and IAUGC60. SUV(max) was identified in the tumor 
region for each patient. Example SUV, IAUGC60 and Ktrans 
parameter maps are shown in Figure.  
 
 
 
Figure. The figure show (a) SUV, (b) IAUGC60 and (c) Ktrans 
for the baseline exam of one patient included in the study. 
 
Results: The correlation coefficient r was calculated for 
absolute values from baseline and 2 weeks, where no 
correlation was found to survival for any parameter. r was 
also calculated for relative change in parameters from 2 
weeks to baseline, see table. Change in Ktrans mean, 
IAUGC60 mean and IAUGC60 max after two weeks was 
significantly correlated with survival. SUV(max) and the DCE-
MRI parameters showed no significant correlations, see table. 
No significant correlation of the SUV(max) and survival was 
found.  
Table. The results of a correlation analysis of the variables 
to SUV(max) and survival after diagnosis. Statistically 
significant values (α = 0.05) are highlighted in red, 
interesting but not significant results are highlighted in 
orange. Ktrans min was omitted due to division by zero when 
calculating the relative change. 
 
 
 
Conclusions: Our analysis indicates that the relative change 
in Ktrans mean, IAUGC60 mean and IAUGC60 max after two 
weeks correlates with survival after diagnosis. There was a 
large but not significant correlation between survival and 
IAUGC60 SD. The standard deviation in an ROI can be a crude 
marker for texture, something which has been shown as a 
promising tool for assessing treatment response and survival 
using e.g. 18F-FDG PET in esophageal cancer and ADC maps in 
gliomas. The results are promising, but a larger cohort is 
needed to confirm these initial findings. 
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Purpose/Objective: Dual-energy X-ray imaging is used to 
extract quantitative material information, e.g., electron 
density and effective atomic number Z, using the differences 
of X-ray attenuation coefficients of materials at different 
energies. A detailed study of factors that could influence the 
precision of extracted data is of importance. The aim of this 
study was to determine the optimal dose balance between 
the low and the high voltage acquisitions for material 
decomposition with dual-energy X-ray CT. 
Materials and Methods: A model for the X-ray source spectra 
and the detector response of a prototype of the ImagingRing 
cone-beam CT (CBCT) scanner (MedPhoton, Salzburg, Austria) 
were built and validated experimentally using solutions from 
the literature. We then considered 30 cm-diameter 
homogeneous cylinder of selected materials. The analytical 
expression of the photon noise in CT images of [1] was 
adapted for polychromatic radiations. The energy-dependent 
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detection efficiency of the detector response was also 
included. A relation between the variance and the absorbed 
dose was derived for the two spectra (Low energy (LE): 60 
kV/Al; High energy (HE): 120 kV/Al/Cu/Ag). The material 
decomposition method proposed in [2] was used. A 360º CBCT 
irradiation (600 frames, 10 ms/frame) with 8 different mAs 
values from 30 to 720 mAs was designed. For each tube 
voltage and irradiation setup, the variance in the measured 
attenuation coefficient at the center of the phantom was 
determined analytically. The uncertainty on the estimated 
effective atomic number Z was evaluated using an error 
propagation model expressed in terms of derivatives of the 
LE and HE images (finite differences) and the variances of LE 
and HE images (analytical expression). In order to estimate a 
ratio between LE and HE doses (D1 and D2) that minimizes 
the error in the effective Z, the proportion of D1 with respect 
to D2 was varied from 5% to 95% while keeping the phantom 
dose at the center to a constant value of 20 mGy. 
Results: Error in the effective Z presents a minimum when 
the percentage of D1 and D2 with respect to the total 
imaging dose is 40% and 60%, respectively, which corresponds 
to 120 mA and 80 mA at fixed exposure times. The high 
energy spectrum is more penetrating than the low energy 
spectrum when traversing the phantom. However, this effect 
is compensated with the lower attenuation coefficient and 
the poorer efficiency of the detector response at high 
energy. 
Conclusions: From these preliminary results, we conclude 
that similar doses between the two voltages should be used 
to optimize the material decomposition of a homogeneous 
phantom with dual-energy imaging. If an imaging protocol to 
minimize the dose to the patient is contemplated, the 
proposed method is a useful tool to determine the exposure 
that minimizes potential errors in the effective Z. The 
validity of this method is currently being confirmed using 
Monte Carlo simulations. 
[1] J.C.Gore and P.S.Tofts. Phys Med Biol, 23, 1176-1182 
(1978). 
[2] M. Bazalova , J.F. Carrier, L. Beaulieu and F. Verhaegen. 
Phys Med Biol, 53, 2439-2456 (2008).  
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Purpose/Objective: Moving towards higher and more 
conformal doses, precise patient positioning is crucial. The 
gold standard for patient positioning is the use of daily CBCT. 
To uphold a high and consistent standard for image 
registration, offline reviews of the online performed image 
registrations are needed. This is a time-consuming task, 
lacking appropriate tools to quantify the 'correctness' of a 
registration, and to aid the clinical decision making. We 
describe here a deformable registration (DR) tool which 
automatically quantifies the quality of an image registration 
in order to flag suspect images for manual review. 
Materials and Methods: Using DR of the daily CBCT against 
the reference planning CT, we calculate the resulting 
transformation vector field to quantify the difference 
between the two scans. From this we extract positional data 
for all delineated structures, and determine where and by 
how much the displacement exceeds tolerance. This allows 
us monitor trends in positioning of individual patients, 
selecting them for manual review and intervention, as well as 
monitoring the general quality of image registrations in the 
clinic. 
Results: 
 
 
At present we have tested the method on 15 head & neck 
cancer patients. We can extract the relevant information 
from the DR, showing where and how much the CBCT image 
deviates from the planning CT. The figure shows an example 
of the extracted information. For 3 different patients we 
show the volume of the part of the high-dose CTV (full lines) 
and spinal cord (dashed lines) which at the given fraction is 
5mm or more outside the delineated area in the planning CT. 
The first (blue) is well positioned during all sampled 
fractions, the second (red) also starts out well, but on 
fractions 19 and 30 there are significant deviations on the 
spinal cord due to flexing of the neck (the deviation on the 
CTV in fraction 30 is due to tumor shrinkage). The third 
(green) is from a patient safety incident where a patient was 
positioned outside tolerance for part of the treatment, the 
error not being discovered until the second offline review, 
but here the mistake is immediately visible, and when the 
error is finally corrected the figure shows the patient being 
well positioned for the remainder of the treatment. 
Conclusions: We are developing a method for automatically 
reviewing CBCT images as an additional help for the 
online/offline review of daily images. Our first results are 
very promising, but soft tissue registration still requires some 
work to be robust for special cases such as large tumors. 
Besides evaluating individual CBCTs, this method will also 
allow us to follow and trend individual patients as well as 
monitoring the general quality of patient positioning in our 
clinic over time. Currently we are implementing a dose 
distribution analysis, letting us prioritize high dose areas 
